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SPECIFICATION 

1. Title of the Invention 

Method for the detection of nucleic acids 

2. Scope of the Patent Claims 

1) A method for the detection of nucleic acids, 
characterized in that, using a sample which contains 
the nucleic acid to be detected, a probe nucleic acid, 
and a nucleic acid for fixing purposes which has a part 
which bonds with a solid phase and a part which 
hybridises with the probe nucleic acid, there are 
included a) a process in which a nucleic acid to be 
detected - probe nucleic acid - nucleic acid for fixing 
purposes hybrid is formed and b) a process in which 
whether or not the hybrid which is bound to the solid 
phase has the form of a nucleic acid to be detected - 
probe nucleic acid hybrid is detected using a label. 

2) A method for the detection of nucleic acids, 
according to claim 1, wherein the labelling is carried 
out on the double strand forming part of the nucleic 
acid to be detected and the probe nucleic acid. 

3) A method for the detection of nucleic acids, 
according to claim 1, wherein the nucleic acid to be 
detected, the probe nucleic acid and the nucleic acid 
for fixing purposes are reacted simultaneously. 

4) A method for the detection of nucleic acids, 
according to claim 1, wherein the nucleic acid to be 
detected and the probe nucleic acid are reacted and 
then the nucleic acid for fixing purposes is reacted 
with the reaction mixture so obtained. 

5) A method for the detection of nucleic acids, 
according to claim 1, wherein the probe nucleic acid 
and the nucleic acid for fixing purposes are reacted, 
and then the nucleic acid to be detected is reacted 
with the reaction mixture obtained. 
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6) A method for the detection of nucleic acids, 
according to claim 1, in which there is a process in 
which the nucleic acid to be detected - probe nucleic 
acid hybrid is released from the nucleic acid for 
fixing purposes. 

3. Detailed Description of the Invention 

Industrial Field of Application 
The invention concerns a method for the detection 
of nucleic acids in which nucleic acid hybrid forming 
reactions are used. 

Prior Art 

There are various known methods for detecting 
whether or not a subject nucleic acid (nucleic acid to 
be detected) is present in a sample. 

For example, there are methods in which a labeled 
probe nucleic acid is reacted with a sample which has 
been fixed on a solid phase and whether or not a 
nucleic acid to be detected - probe nucleic acid hybrid 
has been formed on the solid phase is detected by means 
of the labelling which has been carried out on the 
probe nucleic acid, and methods in which a probe 
nucleic acid is reacted with a sample in the liquid 
phase and the presence or absence of a nucleic acid to 
be detected - probe nucleic acid hybrid is detected in 
the reaction mixture obtained. 

In one example of the former method the sample is 
first fractionated using electrophoresis and a replica 
of the electrophoresis pattern of the sample is formed 
on a nitrocellulose filter by plotting. A radioactive 
probe nucleic acid is reacted with this replica. At 
this time a hybrid is formed between the nucleic acid 
to be detected and the radioactive probe nucleic acid 
in those cases where the nucleic acid to be detected is 
present in the sample. Subsequently, the unhybridized 
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radioactive probe nucleic acid is removed by washing, 
and then the radioactively labelled region of the 
hybrid which has been formed on the nitrocellulose 
filter is detected using, for example, autoradiography. 

In an example of the latter method a radioactive 
probe nucleic acid is reacted with the sample in 
solution and the hybrid which is formed in those cases 
where the sample contains the nucleic acid to be 
detected and the unreacted material are separated using 
a column technique. Detection is achieved by measuring 
the radioactive isotope label activity of the hybrid 
which has been formed. 

Furthermore, there are also methods in which the 
probe nucleic acid is fixed to a column, the sample is 
passed through and reacted and, after eluting the 
hybrid which has been formed, then separating the 
hybrid into its individual strands which are then 
concentrated and detected. 

Problems to be Resolved by the Invention 

With the aforementioned methods in which the 
sample has been fixed to a solid phase, large amounts 
of sample are often wasted and the detection procedure 
is time consuming, and there is a further disadvantage 
in that the preparation of the solid phase is 
complicated and requires many processes. 

Furthermore, in the methods where a probe nucleic 
acid is reacted with the sample in the liquid phase and 
the hybrid which has been formed and the unreacted 
material are separated using a column technique, there 
is a disadvantage in that, in cases where the 
nucleotide chain of the nucleic acid to be detected is 
comparatively short, the precision of separation with a 
column technique is often poor. 
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Furthermore, with the methods in which a probe 
nucleic acid which has been fixed on a column is used, 
there is a disadvantage in that the column can be used 
only for a specific application, which is to say that 
it can only be used in cases where a specific nucleic 
acid base sequence is to be detected, and it cannot be 
used generally. Furthermore, in those cases where the 
detection of a plurality of nucleic acid base sequences 
has to be detected, there is a problem in that probe 
nucleic acids corresponding to the respective base 
sequences must be prepared and fixed on separate 
columns . 

The present invention, the result of thorough 
research carried out with a view to resolving the 
above-mentioned problems associated with the 
conventional methods of detection in which a 
hybridisation technique is used, is intended to provide 
a method with which the presence of a nucleic acid as a 
specific subject for detection can be detected both 
quickly and easily. 

Means of Resolving These Problems 

The method of detection of this invention is 
characterized in that, using a sample which contains 
the nucleic acid to be detected, a probe nucleic acid, 
and a nucleic acid for fixing purposes which has a part 
which bonds with a solid phase and a part which 
hybridises with the probe nucleic acid, there are 
included a) a process in which a nucleic acid to be 
detected - probe nucleic acid - nucleic acid for fixing 
purposes hybrid is formed and b) a process in which the 
formation of a nucleic acid to be detected - probe 
nucleic acid hybrid is detected using a hybrid label 
which has been bound to the solid phase (sic) . 
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The invention can be used to detect various 
nucleic acids such as DNA of biological origin and DNA 
which has been obtained by gene manipulation, and no 
limitation is imposed upon the type of nucleic acid to 
be detected as a subject for detection. 

Provided that it is a nucleic acid which has base 
sequences which can hybridise specifically with the 
nucleic acid to be detected and the nucleic acid for 
fixing purposes, any nucleic acid can be used for the 
probe nucleic acid, but oligo-nucleotides with a 
comparatively short nucleotide chain which can be 
synthesised readily with a synthesising machine are 
easy to use. 

The nucleotide chain length of the probe nucleic 
acid is preferably not more than one tenth of the 
nucleotide chain length of the nucleic acid to be 
detected. 

Moreover, in this invention, when labelling is 
carried out on the double strand part formed by the 
probe nucleic acid and the nucleic acid to be detected, 
there are no essential requirements for labelling on 
the probe nucleic acid itself. 

For example, in the case of labelling with the 
niche translation method or with the labelling enzyme 
binding method, the labelled nucleic acid must have a 
nucleotide chain length greater than a certain level, 
but the probe nucleic acid used in the present 
invention does not have to satisfy any such 
requirement. 

Hence, nucleic acids which have a short nucleotide 
chain length which are easily procured (prepared) , and 
with which highly sensitive detection as described 
above can be achieved, can be used for the probe 
nucleic acid. 
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However, when the labelling is carried out on the 
double strand part formed by the nucleic acid to be 
detected and the probe nucleic acid in this invention, 
the structure or nucleotide chain length of the probe 
nucleic acid is preferably selected in such a way as to 
facilitate the labelling of the said double strand 
forming part. 

For example, there is a method of labelling as 
described hereinafter in which, using one of the 
nucleotide chains of the double strand part formed by 
the probe nucleic acid and the nucleotide to be 
detected as a primer, the nucleotide chain is extended 
from its end and a labelling substance is incorporated 
into the extended part. When the probe nucleic acid is 
used as the primer, the said double strand part must 
have a structure such that the nucleotide chain of the 
nucleic acid to be detected which is hybridised with 
the probe nucleic acid is able to function as a 
template when extending the primer end. This is to say 
that it must have a structure where the nucleotide 
chain of the nucleic acid to be detected is in a single 
strand form in the end-extending direction of the probe 
nucleic acid. 

Hence, with this method of labelling, in which 
such a probe nucleic acid is used as a primer, the 
structure and nucleotide chain length of the probe 
nucleic acid are preferably determined in consideration 
of the structure of the double strand part which is 
formed. 

Moreover, depending on the particular case, the 
sample nucleic acid may be used as the primer. 

Those structures which have a B-part which can 
hybridise with the nucleic acid for fixing purposes on 
the 5' -end, for example, and an A-part which can 
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hybridise with the nucleic acid to be detected on the 
3 '-end, and which can form a linking structure with 
each of the nucleic acids as shown in figure 1, for 
example, can be cited as probe nucleic acid structures. 

Nucleic acids which have a base sequence which can 
hybridise with the probe nucleic acid can be used as 
the nucleic acids for fixing purposes provided that 
they can be bound to a solid phase but, as in the case 
of the probe nucleic acids, those which have a 
nucleotide chain which can be synthesised easily with a 
synthesiser can be used more easily. The chain length 
of the nucleic acid for fixing purposes is also 
preferably determined in consideration of the structure 
and nucleotide chain length of the probe nucleic acid. 
Moreover, in those cases where a separation treatment 
is carried out with the nucleic acid for fixing 
purposes in which the nucleic acid has been hybridised 
with the probe nucleic acid and the nucleic acid for 
fixing purposes is reused, a nucleic acid for fixing 
purposes which has a structure in which consideration 
has been given to the separation procedure may be used. 

A structure into which a substance has been 
introduced which binds specifically and selectively 
with a substance which has been fixed onto a solid 
phase as described hereinafter can be used as the 
structure for fixing the nucleic acid for fixing 
purposes onto a solid phase. For example, avidin can 
be cited as a substance which can be fixed onto a solid 
phase and biotin can be cited as a substance which 
binds selectively and specifically with this and which 
can be bound to a nucleotide chain. Such a combination 
can be used provided that the two substances bind 
selectively and specifically and they can be introduced 
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into the nucleotide chain of the nucleic acid for 
fixing purposes and onto the solid phase. 

The hybridisation of the probe nucleic acid and 
the nucleic acid for fixing purposes can be carried out 
in the usual way. 

Moreover, the conditions for the hybrid- forming 
reaction differ according to the nucleotide chain 
length and the base sequences of the nucleic acid for 
fixing purposes, and the probe nucleic acid which are 
being used. The optimum conditions for the 
hybridisation procedure therefore should be selected 
appropriately in accordance with the desired result. 

This hybrid- forming reaction can generally be 
carried out with temperature control in a hybridisation 
solution which contains formamide, the appropriate 
salts, and Denherdt solution. 

Methods in which a substance which binds 
selectively and specifically with the specified 
substance for fixing purposes of the nucleic acid for 
fixing purposes is bound physically or chemically onto 
a support such as a gel or nitrocellulose, for example, 
and a reaction is caused to take place subsequently 
between the substances which bind selectively and 
specifically, can be used to fix the nucleic acid for 
fixing purpose. 

In the method of this invention the probe nucleic 
acid is reacted with the sample and selective labelling 
is carried out on the hybrid which is formed as a 
result of the reaction. 

The methods in which, when one end of the chain 
which forms the part of the hybrid where a double 
strand is formed is used as a primer and a single 
strand part is formed into a double strand as the end 
is extended, a labelling substance is included in the 
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extended part which is freshly produced, for example, 
can be used as the method for this labelling. 

The above-mentioned process a) in the method of 
the present invention can be carried out, for example, 
by reacting the sample and the probe nucleic acid under 
the conditions required for double strand formation 
between the A-part of the probe nucleic acid and the 
nucleic acid to be detected, and then reacting the 
nucleic acid for fixing purposes with the reaction 
mixture so obtained under the conditions required for 
double strand formation between the B-part of the probe 
nucleic acid and the nucleic acid for fixing purposes. 

In those cases where the nucleic acid to be 
detected is included in the sample a nucleic acid to be 
detected 1 - probe nucleic acid 2 - nucleic acid for 
fixing purposes 3 hybrid, as shown in figure 1, is 
formed by means of this procedure. 

The methods in which the sample is reacted with 
the probe nucleic acid and the nucleic acid for fixing 
purposes at the same time in a hybridisation solution, 
the methods in which the sample and the probe nucleic 
acid are hybridised and the nucleic acid for fixing 
purposes is hybridised in the reaction mixture so 
obtained, and the methods in which the probe nucleic 
acid and the nucleic acid for fixing purposes are 
hybridised and the sample is hybridised in the reaction 
mixture so obtained, for example, can be used for the 
hybrid formation reaction. There are also cases in the 
above where the nucleic acid for fixing purposes is 
fixed to a solid phase. 

That is to say, the probe nucleic acid and the 
nucleic acid for fixing purposes can be reacted first 
of all, and then the sample and the reaction mixture 
which has been obtained can be reacted. 
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The invention can be executed, for example, by 
carrying out process a) in the liquid phase, and 
carrying out a treatment which is required to fix the 
nucleic acid for fixing purposes, included in the 
reaction mixture which has been obtained, to a solid 
phase in the said reaction mixture. At this time, in 
those cases where a nucleic acid to be detected - probe 
nucleic acid - nucleic acid for fixing purposes hybrid 
has been formed in the said reaction mixture, this 
hybrid is also fixed to the solid phase via the nucleic 
acid for fixing purposes, and a fixed state on the 
solid phase 5 like that shown in figure 2, for example, 
is obtained. 

Furthermore, the treatment for fixing the nucleic 
acid for fixing purposes to a solid phase can also be 
carried out before the reaction for forming the double 
strand. Actual examples of such methods include the 
methods where the sample and the probe nucleic acid are 
reacted simultaneously with a nucleic acid for fixing 
purposes which has been fixed to a solid phase, the 
methods in which the probe nucleic acid is reacted with 
the nucleic acid for fixing purposes which has been 
fixed to a solid phase and then the sample is reacted, 
the methods in which the sample and the probe nucleic 
acid are reacted and the reaction mixture is reacted 
with the nucleic acid for fixing purposes which has 
been fixed on a solid phase, and the methods in which 
the nucleic acid for fixing purposes and the probe 
nucleic acid are reacted and the nucleic acid for 
fixing purposes - probe nucleic acid hybrid obtained is 
fixed to the said phase and the sample is then reacted 
with the said hybrid. 

The abovementioned process b) in the method of 
this invention can be carried out, for example, by 
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selectively labelling the nucleic acid to be detected - 
probe nucleic acid hybrid and achieving detection with 
a method which corresponds with the label which has 
been used. 

Methods in which, when one chain of the double 
strand forming part is taken as a primer and the other 
chain is used as a template and the end of the chain 
which forms the primer is extended as mentioned 
earlier, a label is incorporated into the newly- formed 
extended part can be used for labelling. 

A case where the 3 '-end of the A-part of the 
probe nucleic acid is used as the primer is shown in 
figure 2. 

In practical terms, for example, the methods in 
which a nucleotide such as dATP, dCTP, dGTP, dTTP which 
is required for the extension of the primer end part 
and the hybrid which is to be labelled is reacted in 
the presence of an enzyme for nucleotide chain forming 
purposes, and at this time one of the nucleotides which 
is used incorporates a label into the nucleotide chain 
which is being newly formed using the labelling 
nucleotide on the template can be used. 

The labels generally used for labelling probes, 
for example, those which label by means of a 
radioactive isotope (RI) and those which label by means 
of a non-radioactive labelling substance (non-RI) such 
as an enzyme or compound which is required to induce 
fluorescence, luminescence or coloration, such as 
biotin and dinitrophenylnucleotide derivatives for 
example, can be used. 

Various types of DNA polymerase, such as Klenow- 
fragments of E. coli DNA polymerase I and DNA 
polymerase II, and T 4 DNA polymerase, for example, and 
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reverse transcription enzymes, can be used as the 
enzyme for nucleotide chain forming purposes. 

The labelling in this invention can be carried 
out in the state where the hybrid is fixed to a solid 
phase via the nucleic acid for fixing purposes. The 
time at which the labelling process is introduced is 
preferably after the nucleic acid to be detected and 
the probe nucleic acid have formed a hybrid. 

Furthermore, with this method there is no part 
which functions as a primer and no part which can form 
a template for the formation of an extended part to 
form a new double strand part with a nucleic acid which 
has not formed a hybrid, and so the double strand 
forming reaction which incorporates the above-mentioned 
labelling substance does not occur. 

Moreover, separation of the labelled hybrid and 
the label which has not been incorporated into a hybrid 
after the labelling reaction has been completed can be 
carried out using methods such as those indicated 
below, for example. That is to say, in a case where a 
hybrid has been formed between the sample and a probe 
nucleic acid which has been fixed to a solid phase via 
a nucleic acid for fixing purposes, the hybrid is also 
in a state where it is fixed to a solid phase. The 
label which has not been incorporated into the hybrid 
can be removed by washing in this state. 

Furthermore, in a case where the reaction 
sequence of the sample, the probe nucleic acid and the 
nucleic acid for fixing purposes has been modified in 
any of the various ways mentioned earlier, a state 
where the hybrid is fixed onto a solid phase via the 
nucleic acid for fixing purposes is also ultimately 
obtained and the label which has not been incorporated 
into the hybrid can be subsequently separated by 
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carrying out a washing treatment in the same way as 
described above. 

The detection of the label incorporated into the 
hybrid can be carried out, for example, using methods 
in which the label which has been incorporated into the 
hybrid in a state where the hybrid is fixed to a solid 
phase as shown in figure 2 is detected using a method 
which corresponds with the said label, and methods in 
which the bound part between the nucleic acid for 
fixing purposes and the probe nucleic acid of the 
hybrid which has been fixed onto a solid phase is 
broken and the label which has been incorporated into 
the nucleic acid to be detected - probe nucleic acid 
hybrid which has been released from the solid phase is 
detected using a method which corresponds with the said 
label . 

Moreover, in the method of this invention, the 
solid phase onto which the nucleic acid for fixing 
purposes is bound, obtained on breaking the bonding 
part between the probe nucleic acid and the nucleic 
acid for bonding purposes of the hybrid which is fixed 
to the solid phase, can be reused repeatedly in 
subsequent detection reactions. If at this time a 
number of types of probe nucleic acid which have a 
common B part corresponding to the nucleic acid for 
fixing purposes which is being reused and different A 
parts corresponding to the nucleic acids to be detected 
are used, then the nucleic acid for fixing purposes 
which has been fixed to a solid phase can be reused 
repeatedly for the detection of different nucleic 
acids . 

Furthermore, it is possible by measuring the 
amount of label incorporated into the hybrid in the 
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method of this invention to determine the amount of 
nucleic acid to be detected. 

Illustrative Example 

Detection of a gene which had part of the base 
sequence of the plasmid pUC19 was carried out. 

An oligonucleotide, which had the structure 
indicated below with an A part corresponding to part of 
the base sequence of the plasmid pUC19, a B part which 
had a complementary base sequence corresponding to the 
nucleic acid for fixing purposes described hereinafter 
and an intervening base sequence which separated the A 
and B parts, was synthesised using DNA synthesising 
apparatus (Model 381A, Applied Biosystems Co.) to 
provide the probe nucleic acid 1. 

5 ' 

AGTCAGT CAGTCACTC ATTGTTCTT^) 
Bpart ^^^^ 

3 ' 

GATCGCCCTTCCCAACAGTTGCGCAG 
Apart 

Next, an oligonucleotide which had the base 
sequence indicated below was synthesised with DNA 
synthesising apparatus as an oligonucleotide for use in 
the preparation of a nucleic acid for fixing purposes. 

5 ' 3 ' 

CACTGACTGACTGACT 

Samples of the synthesised oligonucleotides were 
taken and their purity was investigated by means of 
electrophoresis in 20% polyacrylamide gel which 
contained 7M urea. The results indicated purities of 
over 95%, and so they were used in the following 
reactions without carrying out any further refinement. 
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Moreover, biotin was incorporated by means of the 
procedure indicated below into the oligonucleotide used 
to prepare the nucleic acid for fixing purposes which 
had been obtained in the way outlined above and a 
nucleic acid for fixing purposes was obtained. 

The synthetic oligonucleotide (50 \xl, 50 jig), 
100 \xi of liquid reagent mixture (0.46M potassium 
cacodilate, 0.12M Tris-OH of pH 6.9, 3.3 mM CoCl 2 and 
0.33 mM dithiothreitol) , 40 ^ of 4.0 mM biotinized UTP 
(manufactured by the BRL Co.), 1 \i£ of 1.0 mM dTTP, 
100 [it of H 2 0 and 15 \i£ (about 90 units) of TdT were 
mixed together, and a reaction was carried out at 30°C. 
After 10 minutes, 4 \i£ of 0.2M EDTA was added to the 
reaction system and the enzyme reaction was terminated. 
A phenol treatment and ethanol precipitation were 
carried out and the precipitate obtained was dried and 

then dissolved in 100 \x£ of H 2 0. 

Next, using the plasmids pUC19 and pBR322, and a 
mixture (1 : 1) thereof, as samples, each sample was 
digested with EcoRI in the usual way, and the digested 
material obtained in this way was heat treated. The 
double strand DNA was converted to single strands, and 
the following procedure was carried out using the three 
types of single strand DNA mixture obtained from the 
samples individually. 

The single strand DNA mixture (20 jag) was 
introduced into a test tube, along with 2 ^ig of the 
nucleic acid for fixing purposes and 2 ng of the probe 
nucleic acid prepared earlier. 10 \i£ of 10X annealing 
solution (100 mM Tris-HCl of pH 8.0, 60 mM MgCl 2 , 60 mM 
p-mercatoethanol and 500 mM NaCl) were added and then 
distilled water was added to provide a total volume of 
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100 \i£. The solution obtained was heated to 65°C and 
maintained at this temperature for 10 minutes, after 
which it was allowed to cool slowly to room temperature 
over a period of about 1 hour. The reaction state at 
this time is illustrated schematically in figure 2. 

Next, 10 \x£ of 10X annealing solution, and 10 \x£ 
each of 1 mM dATP, 1 mM dCTP and 1 mM dGTP were added 
to 100 \x£ of the. reaction liquid obtained. 100 \i£ of P 32 - 
TTP and distilled water were added to provide a total 
volume of 200 \x£ to prepare a solution for labelling 
purposes. Klenow fragments of DNA polymerase I (5 
units) were added to this solution and reacted for 1 
hour with ice cooling. The state at this time is 
illustrated schematically in figure 3. 

After reaction, the reaction liquid was mixed 
with a solid phase comprising agarose gel which had 
been activated with cyanobromide and to which avidin 
had been bound and then, after mixing gently for 
2 0 minutes, the mixture was subjected to light 
centrifugal separation at normal temperature and the 
supernatant liquid was discarded. The precipitate 
obtained was washed twice with TE buffer solution and 
then the radioactivity count was measured several times 
using a scintillation counter. Strong counts of from 10 6 
to 10 7 cpm were obtained where pUC19 or a mixture of 
pUC19 and pBR322 had been used, while the value for the 
sample of pBR322 alone did not reach double the blank 
value . 

Furthermore, the above-mentioned precipitates 
were added to TE buffer solution and heated for 
10 minutes at 80°C. Afterwards they were subjected to 
light centrifugal separation and the supernatant 
liquids were discarded, and then the precipitates were 
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washed with TE buffer solution and the radioactivities 
measured. The results indicated no radioactivity in 
the precipitates and confirmed that the part where the 
label had been incorporated had been released by this 
heat treatment. 

Next, the precipitate which had been subjected to 
this heat treatment was reused in the same procedure as 
described above, and good nucleic acid fixing was 
achieved. Hence it was confirmed that the said 
precipitates had the nucleic acid for fixing purposes 
bound to the cyanobromide activated agarose by means of 
avidin-biotin bonding, and that they could be used 
repeatedly. 

Effect of the Invention 

Conventionally, nucleic acid fragments 

corresponding to the base sequence of the target gene 
which is being detected have been used, and it has been 
necessary to carry out a fixing treatment so that this 
can be used as a fixed probe. 

Furthermore, if the type of gene to be detected 
is changed then new nucleic acid fragments 
corresponding to the gene have had to be used and 
another fixing treatment has ' been required for these 
fragments. Thus it has been necessary to form a 
corresponding fixed probe each time the gene to be 
detected is changed. 

However, in the present invention, by using a 
probe for fixing purposes and a probe nucleic acid 
which has a sequence complementary therewith, only the 
probe nucleic acid need be prepared, even if the type 
of gene nucleic acid to be detected is changed and 
there is no need to carry out a fixing treatment where 
it is fixed to a solid phase. In this way the detection 
of nucleic acids can be carried out quickly and easily. 
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Furthermore, in this invention the separation of 
the hybrid into which a label has been incorporated and 
the label which has not been incorporated can be 
carried out very effectively between the solid phase 
and the liquid phase. 

Moreover, in this invention, the nucleic acid for 
fixing purposes which is bound to a solid phase using 
an avidin - biotin bond, for example, can be reused 
after carrying out a probe nucleic acid releasing 
treatment. Hence, by using a nucleic acid for fixing 
purposes which has been fixed onto a solid phase, the 
binding treatment of the nucleic acid onto a solid 
phase in a new detection procedure can be omitted and 
the procedure is very simple. 
4. Brief Explanation of the Drawings 

Figure 1 is a schematic drawing which shows the 
structure of a nucleic acid to be detected - probe 
nucleic acid - nucleic acid for fixing purposes hybrid; 
figure 2 is a schematic drawing which shows the state 
where the hybrid shown in figure 1 has been bound to a 
solid phase; figure 3 is a schematic drawing which 
shows the labelling process of the fixed hybrid shown 
in figure 2. 

1: Nucleic acid to be detected 

2: Probe nucleic acid 

3: Nucleic acid for fixing purposes 

4: Label 

5: Solid phase 
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Figure 1 




Figure 2 




Figure 3 
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a-7IH»t©rK^^ , j ? K Jf5 3 ft * • 
^CDftA-^y^XUft^fcaW^o-^ 
&K*ifci*. £ U fc <D ft * iha-t;uo-^ 
7 -,;u*-±cffJi**ftfc'W7 y v K©ttMtt 

tt«tt7o-7ftttk KI4*C&ft 

etfI&T47o-7tta*#ai'fflai®*** c 
IS JE ft * If * to ft ft tf ft * ft v t ^ 5 H H ** A 

tfc*©a«ftWa»C*tt*HBA*W»-r*fc 

* ft <0 ft ill ^ * 
«ftttlttB*dt*K«fc. 
7o-7ftK fc . 

a) «ftlHtttt-^a-^ttK* fflffiftfflttttyN 



1§ EH ¥3-151900 (2) 

JB fi& as ft fc a 7 y v H*©tt«ttlHtt5£iR©« 
ttt* * 5 AC7a-7tttt*H£U. KI4* 

oituTSC^^* * ©a^asftfcA-f 7 y v k 
j&ttdiufcoft i *ttcw«u* ^ftftm^Tft 

til T * i * * • 

Kw*^Mc««uft9fta»^cB9iai*^^4 

in 0 X A* A * • 

jsfc, afflTK»4t'7a-7ttll*RIC*tt* 

5t*-Fa*«lt«W«^»d* *?A&JICJ:*# 

ftfc, *9ACBSbfc7a-7tt»tffl^4 
£&Ttt* 6* 1* ft toft* 

©ftttttiaEW%ftttlT««l#CU4*ffl^*£i: 

b ) H«Cl«^*ftteA^7M v K »OI * *l ffl U 
T « ft iti *S » • 7a-7«MA-f7y v K © JB fi£ 

fc^ti £ i: k * * • 

*oT»6ft«DNAft^««tttt«ftftlS«ffl 
fttti*tft k ft *ftft m^KOttattKSS 
ft ft ^. 

fflttBttt*WCA-f7y*<<X?«**»KM 

^WT4tSttT*fttf^<0J:^ftta)Tt#tiffl*C 

^i^^pfflftasry^^u^f-i'tff'lfflb© 

UN. 

ft *s , *R«k:*5^T, 7a-7tSttk«ftai 

«Btor*a»ia»c»»*«-r»*. 7a- 
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#Utf, - v t v ? >x 9 >&^«a» 

&4*i£jy±co*;>u;t*i<aa*wT*itfg*i 

<fc o <c a it tt k * 5 n <c ^ . 

a^T, a ^ (nai) u a < . * -9 ± a © j: o 
ca»««c*iti*xauW4«^**L/3f*-i«a 

fi©fccOtf7u-7&fi*i:LT|i!fflTft4<fcOC 

u*>u**<6> *a«cat*T»amtt«fc7 

&s 7a-7ttttoaa** ? u** P aft*, 
tt:i*aJBaa4>a&fl:4<8*T*4J:)caa 



?SB ¥3-151900 (3) 

fi&SM*, 7o-7ttnfcA-f 7V5^ XUfcttlK 

*7u-7m«<0*£f*g#{SjK&t*&&Kc92 
?U**Ka#-*a0«fflTffffiT4»liR** 

1 t r f4 a t c co a m ft » & o $ £ c tt 7 
n4z*aifia»oaa*#«uTtt£t4©«< 
46, a* c <fc o r tt&*4tSK*7? -r t 

7a -7(fROtia fc UTtt. WAtf5' *a 

«»o3- *««caauitt«t A-r ry ^-r 



3* tf iCt^TSi. 

ffl«<fcfflfcfi*fc UTtt, 7a-7ISKtA^7 

7a-7tSMi: ft » (C 6fiSt»?*« c 

?*4**u**i«a*#T4t><!>*««au« 
u>, c ©Basfkfflmtt©aft t,7a-7isttoa 
rr^s ^ u** Kaft**auTttjEf««>**a 

* U <a . 4*5* 7a-7tt«fcA-f7V^-fXL 

fciB«ftfflttacHM*a*fT^Bjert:att«* 
»t*fflaft««tt%a^*k*^. 

tR»a«ctt*t«*a*aAufcaia« < «a'c 

? u * * r a c ts £ U fig 4 *ff t U T K * *■ > *« 

* I* 6 ft * A* , CCOffi&*Co^TttiHKft«W 



HffiCHAT S 4 t> 0 T A ft tf . iTflD«fc^fc*© 
K»t. 7o-7ttM&tfffl*fl:a«a*:©A 
fc T ft 4 • 

a*, A-f7vvi«)BiaKaoftfrtt. a^s 

ft47a-7m», S£<fcffl*8tt©ff T 4 * ? U 

*f-Ka***aKW4tfCJ:-9Ta«4©"C. 

A-f7y^-fHf-5/aVC*S^4fflf|iafrttffia 

kT4@ttci5DTaafcf**asisiRT4*a 

c©A-f7y»I»JB«RIStt, -WWctt, * 
A*A7Z K , aa«a&VDenhardta««dt{ 
A-f VfS»^T, a a * a > h 

T4EiJEffl(o^s«&KK:ia«^a«ctt^r44a» 

H % a y ;u , -ho-trA/o-A^cotgfccfcS 
«*4^ttft*«Ctt^*1f • *<oaatR««w 
ctt^-r4«ancRic%fti;*if«»»*««a 
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r ft * . 

ttittfltl-ra-r«tt2- 0*^fflffi»3 'W 



KM ¥3-151900 (4) 

7 y v I* ff*fi£ $ ft * 

Hf-s/ 3 ra-r*2Ki:B£ibffi 
/wr y v Mffm3nt^^ctt'« w<oa 



-fry v l«t»BJE<tfflttM*M'*BfflcBtt* 
n» WJltf?S21H«DJ:3ftB3Effl5A*«>BJ£#ffi 

hurt*. B«ciiiJEsn)siai3E<kffl«ttc- k 
a-rffiK*RC«"tt» f 9 6 ft ft £ JE iS £ & £ ® 

ES^fflmtttra-rmKtRJS**, rce»ft 

fcE3£<tBf2EH-7a-7#S*/W r ¥ 9 C % B 

fflcBSEOfctft* r y v HcK»*Ri&a 

•tf -5 ^ & ** * * • 

toMmf**? a -r mutt a* << 7 l i * KcaiiK 
w c «* » * ss u * *n%ffl^fc««ci5ute*tt 



coD«»ftc(i. mau ft J: 9 cr*«i»iaB 
i»j w t » * . 

jB2BC^a-r«K©Affl^*tllfiRt*3' 
5Ka»tr9-fT-tL'TWfflT**»***t. 

#BftdATP. dCTP, dGTP, dTTP 
tt^l/*f H tDBttfflCDBKCffffiT-CRlE 

a-r©ffluic«ffl«nr^*, w^attw.nw 

(& 5l JR ( R I ) cn<aifi{tsnH(0, WAfcf 
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» * * it S ft * © * tt « ft «S « K ( n o n 

r i) r^m^s t,<aft *#*tjfflT $ * . 

DNAiKy^9--tfI.-DNAJi«y^9--tflO 
D N A y > ? CD&fS 
DNA0#y*3-**>aiE9»*fttfa*f>]fflT 

<tffltt«*^i/Ta«caii«<b*nfc«!BTiT<c 
* fc . c co # i£ c <fc n tf , a << 7 y if k * ff; f£ 

ffJl«fflCDttfflfcft*»»**ffflEl,ft^©T» ± IE 

ft*, fflm^fcosjcttTatc. «»<t*nftA 
7 •] y p k , A-rryyHcjRoattift**^ 



15 OSIf 3-151000 (5) 

y * k * H ffl c H s ft s n r 1^ * t ft * . * 
co « « r «fe » u » A-rryirKcKoatftft 

KKfttrlRK® * ^ Cft* 3£HU&JB£T ft 
ttWCOE<tfflttll**UfcA-f:ry* K co(3f§ 

4 ir ft -? r a 4 7 y v Hc«9&inft*ofc» 
A-f7y»i«c«9a*tifc«Miottaitt, 01] 
©A*ry9i«eftg&*;riT^*«n*» tt tx 

hfcA^'i v K eDffl£<fcfflfcttfc 7o-7tSffll 
IS»'7o-7l2»A-f7'J y KCffiOiitnt 



OfTft^CfctfT**. 

ft ft a -f 7V 9 Kora-yffiKtSSItffltSM 
*fiTA>*. t(OR, BfiJ#*Bf"]fflT*[B3E<fcffl 

cici;T*ft6#feattfioro-7iiiiH:fflw 
ft«. Btoc)BS«tifeasfkfflntfli«Aft *» 

ttajSE«©Stt%^7ft^Ci:*<TSi. 
**A®#fc»C&^*|SS<bffltI«C*tUTti 



ftDNA^*»I (Applied 
Bioiyste«att, 381 A g) C J: 9 £ fiS L, 7 o - 7 
tt 1 tl/fc, 

5 ' 

ACTCACTCAGTCACTCATTCTTCTT-J 
B 0J5> ^^^^ 

*-GATCGCCCTTCCCAACAGTTGCGCAG 3 
Ag&£ 

«cfflj£ffcffltt«HWffl*y:7**U:r*l'* 

uT,.Tia©ttaKW**T«*y3f5i^u*^ 

K * D N A^RgaHT^fiRUfc. 

5 * 3 ' 

GACTGACTGACTGACT 

zn&oajasftfcary^s^u**-!*©-© 

ttvrVV^O, 7MSUR*dtt20tt#y7 

fc. tottA. 9 s HicX±o^mr a? 
*nja±o«»*«TfttorcjaTfl)Ri5c«^* 
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>£«*AUTlS)£4bffl&&fcf#fc. 

$lj5t')^?^L/^f (50a gK 

S^KHSffl (0. 46M * 3 i>/Ull*-y 9 A. 0.12M 
Tris-OH p H 6. 9 . 3. 3mM C o C 1 t » 
0.33»M5>f-^X I/O-*) 100M. 4.0 mM 
ttf ^itUTP (BRLttBI) 1.0 
mM dTTP 1M> Hi 0 i 0 0 m « *5 * 
tfTdT 1 5 u 4 ( #j 9 0 unit) * iS £r 0 * 

3ot:tsic^7«tor:, loamaaa. 0.2 

M EDTA 4 m 4 BlfcK 
R322RtfCne>4>»£ ! &<l : 1) * ffl £ 

&»&nfcai<fc**fln*k»auT, :*«dna 
*-*«<tu. £ai4*e>f*e>nfc3»<o-*a 



3 07*4. 

7>Tr£t£<bL7e^>'fc*$£t'fcEl*B i: &^ 
U. 2 0#fBl»$>^ < 9ig?03tffc». «S^«< 
ia^U±«**5Rl^fe. t#6n/SEt«^*T Eli 

pUC 1 9StfpUC 1 9tpBR 3 2 2(0i^ 

P BR32 2©*«!>«»C»tf«*©lltt^f^ 
$r?Vl<(D2teCiP)fc 

tsattftsnr* ;<oiii«iJaat:J:offli»*iS') 



»R] ¥3-1515)00 (6) 

-*«DNAiR^^20Mgt. 5fe C H « 

(10 0 bMT ris-HCl pH8J , 60 aM 
MgCli»60mM 

)Vs 5 0 0 mM NaCl) tlOaUlSA, 5 
00(iK.ft«nc» 

fcC, »6#ifeRIBiaiOOi*«Cl'OX7 
Oufi, 1 ■» d ATP, 1 nH 
dCTPR^lnM dGTP^^lOMHOAfc 
^ t p »-TTP i00u4fc&J]Qt>» 3 6 C 
fcffl**l]OX£«E«*200,il2i:UTffllll<bffl 

fOfci«*MKU fc. £0»*CDNA#'J> 

* I ®Klenovti*t 5 m&flDAfcttT? I B$|»K 

B«<fc«tt** , *<i:?/7 

('ft quo Ml A ) 
{*** «tt*lTtt0 BWiifi^««»fi^ CIB 
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»D8¥ 3-151900 (7) 



7'J v K t K 0 i& * h ft ^ o fc ft iff t <0 # XI *< (S 
IB • &t0ffflTfl!i&S < frfcfcn* cor , fflJKH^ 

m«/w r y v P4>tjifl&**TffijCBL a 2 bib 

?S 1 Elt^U/SA-f 7'J v ^S: IS *9 e fflT U tK 
» * * T tt « 6B * »3Htt»2HT5SUfcBU£<b 

3 : @£<b£&5ft 4 : ISJJS 

5 : Qffi • 



1 

I f 1 M I I I I I I I I I I I I I I II I III I I I I I I I t I M I 1 I I I I I I I I I I I 




1 

3' / 5' 

"I I M 1 1 I I I I I I I I | I I I I I I I I I | I M I I I I I I I I I > I H 1 T' T T T T— 




5 



m 2 ® 




S 3 0 
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